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Introduction
During RAN1#87, the following was agreed regarding the common search space indication.
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded
This contribution discusses details on how to indicate common search space.
Common search space with control resource set signaling
In the agreement, it was mentioned that one search space is obtained from MIB/system information/implicitly derived from initial access information. For initial access, UE needs to first detect synchronization signals (PSS/SSS), decode MIB (PBCH) and decode remaining system information. We first propose system information is delivered by the PDSCH (indicated by the DL control channel in common search space).
Proposal 1: System information (SIBx) is delivered by the PDSCH, which is granted by the DL control channel in common search space.
In NR, given variability of synchronization signal block (SSB: PSS/SSS/PBCH) location within a channel bandwidth and synchronization signal raster, it is necessary to provide more flexibility in common search space location relative to the SSB. Otherwise, the design of synchronization signal raster needs to take into account even the bandwidth of common search space. Therefore, the common search space needs to be explicitly indicated by the MIB.
Proposal 2: Common search space is explicitly indicated by the MIB.
We can discuss what fields should be considered to signal the common search space via MIB. In order to provide the common search space, the following information may be necessary:
· Numerology of CCE/search space
· This will also provide the slot structure (slot length)
· Center frequency of search space
· Bandwidth of search space
· Symbol indexes in a slot
Proposal 3: Common search is defined by the following metrics in MIB.
· Numerology of CCE/search space
· This will also provide the slot structure (slot length)
· Center frequency of search space
· Bandwidth of search space
· Symbol indexes in a slot
With this proposal, more detailed ways to signal the common search space (CSS) will be illustrated below. The expected number of bits for CSS allocation in MIB will be also discussed with this example.
Numerology/slot structure for CCE
· 15, 30, 60 kHz for sub6
· 60, 120 kHz for above6
BW
Consider the bandwidth corresponding to the following number of CCEs based on a given numerology. Wider bandwidth can also be considered but it may not be necessary given 16 CCE provides large enough bandwidth for frequency diversity. Wideband RS over the configured bandwidth can also be assumed [1] to provide better performance.
· 4 CCE = 24 RB
· 8 CCE = 48 RB
· 16 CCE = 96 RB
Symbol
Assuming the max DL control region has up to 2 symbols, 3 configurations are considered.
· Symbol 0
· Symbol 1
· Symbol 0 and 1
Center frequency
If CCE is defined from the edge of the channel bandwidth, it is expected that there might be too many information to provide the CSS configuration in the MIB. For example, for sub 6, when the channel bandwidth can be 100 MHz, there can be too many possible locations of the SSB. Therefore, it is proposed to define the CSS from the center of the SSB. 
Proposal 4: Common search space is allocated relatively from the center of the synchronization signals.
Two options are provided: one is the CCE level alignment to the SSB and the other is the RB level alignment to the SSB.
· Option A: CCE level alignment from the center of SSB (i.e., CCE is aligned with SSB)
· CCE offset (offset between the center of SSB and the center of CORESET defined based on CCE numerology) is introduced
· CCE offset is introduced such that SSB is confined within 48 RBs (corresponding to 8 CCE, based on CCE numerology), i.e., disjoint location of SSB and CSS is not considered to reduce the overhead in signaling and simplify UE processing
· When SSB is 15 kHz
· CCE is 15 kHz
· CCE offset: -2, -1, 0, 1, 2


· CCE is 30 kHz
· CCE offset: -3, -2, -1, 0, 1, 2, 3


· CCE is 60 kHz
· CCE offset: -3.5, -2.5, -1.5, -0.5, 0.5, 1.5, 2.5, 3.5


· When SSB is 30 kHz
· CCE is 15 kHz
· CCE offset: 0
· CCE is 30 kHz
· CCE offset: -2, -1, 0, 1, 2
· CCE is 60 kHz
· CCE offset: -3, -2, -1, 0, 1, 2, 3
· When SSB is 120 kHz
· CCE is 60 kHz
· CCE offset: 0
·  CCE is 120 kHz
· CCE offset: -2, -1, 0, 1, 2
· When SSB is 240 kHz
· CCE is 60 kHz
· CCE offset: 0
·  CCE is 120 kHz
· CCE offset: 0
· For AL16 or a larger BW with AL8 (distributed allocation), the proposal is still to use the same CCE offset as shown above. In other words, SSB cannot be present on the edge of the configured CORESET in that case.
· Option B: RB level alignment from the center of SSB
· CCE is defined from the center of the carrier
· Finer CCE alignment to the edge of the carrier is allowed
· -5 RB shift to 5 RB shift: 11 options


· CCE offset
· Same as Option A
Mapping
· Distributed (default)
· Localized (for simplicity, proposed not to have localized except the case when distributed mapping is not possible due to limited BW)
Aggregation level
Supports AL4 and AL8
· The number of blind decoding candidates may not be fixed and be different depending on the combination of BW and the number of configured symbols for CSS (hard coded by the specification as shown in Table 1.)
Table 1: Supported aggregation level w.r.t. the configured symbols and bandwidth of CSS
	
	Bandwidth

	Symbols
	4 CCE
	8 CCE
	16 CCE

	0 or 1
	1 AL4
	2 AL4 and 1 AL8
	4 AL4 and 2 AL8

	Both
	2 AL4 and 1 AL8
	4 AL4 and 2 AL8
	4 AL4 and 2 AL8



Total number of configurations
· CCE numerology & center frequency
· Option A: up to 20 combinations for a given SSB SCS
· SSB 15 kHz: 5+7+8 = 20
· SSB 30 kHz: 1+5+7 = 13
· SSB 120 kHz: 1+5 = 6
· SSB 240 kHz: 1+1 = 2
· Option B: up to 220 (= 20*11) combinations for a given SSB SCS
· BW: 3 options
· Symbol: 3 options
Option A has up to 180 (=20*3*3) combinations (8 bits) and Option B has up to 1980 (=220*3*3) combinations (11 bits).
Conclusions 
This contribution has discussed details on how to indicate common search space from MIB. Based on the presented ways, the expected number of bits to indicate the common search space are between 8 and 11 bits. The following proposals have been made:
Proposal 1: System information (SIBx) is delivered by the PDSCH, which is granted by the DL control channel in common search space.
Proposal 2: Common search space is explicitly indicated by the MIB.
Proposal 3: Common search is defined by the following metrics in MIB.
· Numerology of CCE/search space
· This will also provide the slot structure (slot length)
· Center frequency of search space
· Bandwidth of search space
· Symbol indexes in a slot
Proposal 4: Common search space is allocated relatively from the center of the synchronization signals.
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This illustrates the case of CCE offset = 0.
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This illustrates the case of CCE offset = 0.
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